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Abstract 

Background: To assess whether income is associated with patient-reported outcomes (PROs) after primary total 
l<nee arthroplasty (TKA). 

Methods: We used prospectively collected data from the Mayo Clinic Total Joint Registry to assess the association 
of income with index knee functional improvement, moderate to severe pain and moderate to severe activity 
limitation at 2-year and 5-year follow-up after primary TKA using multivariable-adjusted logistic regression analyses. 

Results: There were 7, 139 primary TKAs at 2 years and 4, 234 at 5 years. In multivariable-adjusted analyses, at 
2-year follow-up, compared to income > US$45, 000, lower incomes of < US$35, 000 and > US$35, 000 to 45, 000 
were associated (1) significantly with moderate to severe pain with an odds ratio (OR) 0.61 (95% CI 0.40 to 0.94) 
(P = 0.02) and 0.68 (95% CI 0.49 to 0.94) {P = 0.02); and (2) trended towards significance for moderate to severe 
activity limitation with OR 0.78 (95% CI 0.60 to 1.02) (P = 0.07) and no significant association with OR 0.96 (95% CI 
0.78 to 1.20) {P = 0.75), respectively. At 5 years, odds were not statistically significantly different by income, 
although numerically they favored lower income. In multivariable-adjusted analyses, overall improvement in knee 
function was rated as 'better' slightly more often at 2 years by patients with income in the < US$35, 000 range 
compared to patients with income > US$45, 000, with an OR 1.9 (95% CI 1.0 to 3.6) (P = 0.06). 

Conclusions: We found that patients with lower income had better pain outcomes compared to patients with 
higher income. There was more improvement in knee function, and a trend towards less overall activity limitation 
after primary TKA in lower income patients compared to those with higher incomes. Insights into mediators of 
these relationships need to be investigated to understand how income influences outcomes after TKA. 
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Background 

Total knee arthroplasty (TKA), a common surgical pro- 
cedure with a rapidly increasing annual volume in the 
USA [1], is associated with significant improvement in 
pain, function and quality of life [2]. However, 10% to 
30% of patients continue to have refractory pain and/or 
significant functional limitation even years after TKA or 
total hip arthroplasty [3-5]. Identification of significant 
predictors of post-arthroplasty pain and functional lim- 
itation [6-9] will allow us to design interventions target- 
ing risk modifiable factors, with a likelihood of improving 
outcomes. Much emphasis in the previous studies has 
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been placed on implant and surgical aspects of arthro- 
plasty and its demographic predictors, with very few stu- 
dies focusing on socioeconomic predictors. It is well 
established that patients with low income are less likely 
to receive total joint replacement [10-14], which also par- 
tially explains the racial disparity in total joint replace- 
ment utilization [12,13,15,16]. Need and willingness to 
undergo joint arthroplasty does not differ by income 
level [17]. 

Few studies have examined the association of lower 
income with arthroplasty outcomes. To the best of our 
knowledge, there has been only one study in a TKA 
cohort [18]. This study found no differences in pain and 
function outcomes 2 years after TKA by income level, 
but higher gains in a lower income group [18]. Additional 
studies in hip arthroplasty populations have yielded 
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contradictory results. Lower income was either associated 
with higher risk of medical complications in a popula- 
tion-based Italian study [14] and in the Medicare popula- 
tion [19] or not associated with patient satisfaction or 
likelihood of achieving excellent hip function in a US 
study [20] in hip arthroplasty cohorts. Since data are 
based on small samples with limited follow-up and not 
conclusive, well designed studies with adequate power 
that assess this relationship in larger samples post TKA 
are needed. We hypothesized that lower income would 
predict poorer absolute scores in pain and function post 
TKA, but more improvement in function outcomes with 
TKA compared to preoperative scores. Using data from a 
large institutional total joint registry, we examined the 
association of income with moderate to severe pain, 
moderate to severe activity limitation and improvement 
in knee function at 2 and 5 years after primary TKA. 

Methods 

The current study used the data collected in the Mayo 
Total Joint Registry, one of the largest US joint registries 
[21]. The Mayo Total Joint Registry collects prospective 
data on all joint replacements performed at the Mayo 
Clinic including patient demographics and clinical char- 
acteristics (body mass index (BMI)); reoperations, com- 
plications and whether the implant was in place or 
removed; current radiographs; and pain and function 
assessments [22,23]. The Mayo Knee questionnaire [24] 
is reliable and is based on the American Knee Society 
scale, a validated instrument that is most commonly 
used in evaluation of knee arthroplasty patients [25-27]. 
The pain and function questions analyzed in this study 
from the Mayo Knee questionnaire are the same as 
those in the Knee Society Score [28]. Questionnaires are 
administered to all patients undergoing knee arthro- 
plasty at the Mayo Clinic, and these data have been cap- 
tured electronically since 1993. The questionnaires are 
mailed to the patients, administered during the clinic 
visit or by telephone by experienced, dedicated joint reg- 
istry staff at 2-year and 5-year timepoints after TKA. 
Patients were included in this study if they had under- 
gone a primary TKA during 1993 to 2005 and had 
responded to either a 2-year or 5-year follow-up ques- 
tionnaire. The study was approved by the Mayo Clinic's 
Institutional Review Board. 

Predictor variable and its definition 

The predictor of interest was the patient's income at the 
time of index arthroplasty, as assessed based on patient zip 
codes and the median household income for geographical 
area using the census data for the respective year of sur- 
vey. Income was categorized into < US$35, 000, > US$35, 
000 to US$45, 000 and > US$45, 000 levels, as previously 
[8,9,29,30]. Categories were created based on the fact that 



US$35, 000 was twice the poverty level income for a family 
of four in 1998 to 1999, the midpoint of our study [31]. 
Additional sensitivity analyses were performed with a dif- 
ferent income cut-off. 

Outcomes of interest 

We assessed three key patient-reported outcomes at 
2 years and 5 years after TKA. Two outcomes indicated 
'state' post TKA (moderate to severe pain and moderate 
to severe activity limitation) and one indicated 'change' 
after TKA (knee function improvement from before to 
after surgery): 

(1) Moderate to severe knee pain: assessed based on the 
responses to a question regarding pain in knee similar to 
the pain question in the Knee Society Scale [25] 'Do you 
have pain in the knee in which the joint was replaced?', 
with responses of no pain, mild (occasional), stairs only, 
walking and stairs combined into reference category and 
moderate (occasional), moderate (continuous) and severe 
pain combined into moderate to severe pain, similar to 
previous studies [5,9,32]. 

(2) Moderate to severe activity limitation: this was 
defined as the presence of moderate or severe limitation 
in two or more of the three activities queried (walking, 
stairs, rising chair), as previously [29,32]. 

(3) Improvement in knee function: this was assessed 
with the single question 'Compared to your condition 
before your knee surgery, how would you rate your knee 
function?', with responses of much better, better, same or 
worse. Responses of same and worse were combined into 
the reference category, as described previously [32]. 

Covarlates of interest 

The covariates included factors previously shown to be 
associated or potentially associated with pain and function 
outcomes after TKA [5,9,23,33-35]. These included patient 
characteristics (age, gender, BMI), comorbidity, American 
Society of Anesthesiologists (ASA) score, preoperative 
pain and preoperative activity limitation (in respective 
models), implant fixation (cemented/hybrid versus not 
cemented), underlying diagnosis (osteoarthritis, rheuma- 
toid/inflammatory arthritis or other) and distance from 
medical center (categorized < 100, 100 to 500 and > 500 
miles/overseas). Age was categorized into < 60, 61 to 70, 
71 to 80 and > 80 categories, as previously [5,36]. BMI was 
categorized, as previously [37], into < 25, 25.1 to 29.9, 30 
to 34.9, 35 to 39.9 and > 40 kg/m^. Comorbidity was mea- 
sured by Deyo-Charlson score, the most commonly used 
validated comorbidity measure [38] consisting of a 
weighted scale of 19 comorbidities (including cardiac, pul- 
monary, renal, hepatic disease, diabetes, cancer, HIV and 
so on), expressed as a summative score [39,40], with a 
higher score indicates more comorbidity. ASA score, a 
validated measure of perioperative and postoperative 
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outcomes, was categorized as class I to II versus III to IV 
[41,42]. 

Statistical analyses 

Responder and non-responder characteristics were com- 
pared using logistic regression analyses. Multivariable- 
adjusted logistic regression analyses were performed 
separately for each of the three prespecified outcomes at 
prespecified timepoints of 2 and 5 years (six models). 
For these analyses, we used a generalized estimating 
equations (GEE) approach to adjust for the correlation 
between observations on the same subject (for example, 
if a patient underwent right and left primary TKA). The 
main multivariable-adjusted analyses adjusted for several 
baseline variables including age category, gender, BMI 
category, comorbidity, ASA class, operative diagnosis, 
distance from the medical center and implant fixation. 
Since improvement in knee function had three cate- 
gories (much better, better versus same/worse (refer- 
ence)), we used polytomous logistic regression, which 
does not make any assumption of parallel slopes (as is 
made in ordinal logistic regression) [43,44]. Odds ratios 
(OR) and the 95% confidence intervals (CI) are pre- 
sented. A P value < 0.05 was considered significant. We 
performed additional sensitivity analyses for pain and 
activity limitation outcomes: (1) adding preoperative 
pain to the function outcome analyses and preoperative 
function to the pain analyses; (2) varying the income 
category cut-offs to two times the poverty level in 2005 
(US$39, 000); and (3) including age and BMI as continu- 
ous variables, instead of categorical variables. Since 
improvement in knee function incorporates preoperative 
status, these models were not additionally adjusted for 
preoperative variables, to avoid overadjustment. 

Results 

Patient characteristics and responder bias 

Patient characteristics for TKA cohorts at 2-year and 5- 
year follow-up are shown in Table 1. At 2-year follow-up, 
the mean age was 68 years, 56% were women, 9% had 
BMI > 40 kg/m^, and 42% had ASA class III or IV. Medi- 
cal comorbidities, anxiety and depression were common. 
Detailed characteristics for 5-year follow-up are provided 
in Table 1. 

The response rate was 65% (7, 139/10, 957) at 2 years 
and 57% (4, 234/7, 404) at 5 years. For primary TKA 
2-year and 5-year follow-up, male gender, osteoarthritis 
diagnosis, older age, lower ASA class, lower Deyo-Charl- 
son comorbidity index score and shorter distance from 
medical center (< 100 miles) were associated with greater 
odds of response. 

Unadjusted prevalence of suboptimal pain, activity lim- 
itation and index knee function improvement outcomes 
is shown in Table 2. 



Income and outcomes after primary TKA 
State outcomes 

For unadjusted models, the lowest income category (< US 
$35, 000) was associated with significantly lower odds of 
moderate to severe pain (P = 0.01) and moderate to 
severe activity limitation at 2 years (P = 0.04) and border- 
line significant association of the US$35, 000 to 45, 000 
income category with lower odds of moderate to severe 
pain at 2 years, compared with the highest income cate- 
gory {P = 0.06; Table 3). In multivariable-adjusted models 
that also adjusted for the respective preoperative variable, 
both lower income categories (< US$35, 000 and > US 
$35, 000 to US$45, 000) were associated with signifi- 
cantly lower odds of moderate severe pain (P = 0.02 
each), and a borderline significant difference in odds of 
moderate to severe activity limitation at 2 years post pri- 
mary TKA, compared to the higher income group (> US 
$45, 000; P = 0.07) (Table 4). Similar differences were 
seen at 5 years, but these were not significant. Sensitivity 
analyses that adjusted for preoperative pain in the activity 
limitation model (and vice versa; see Additional file 1), 
varied the income categories (Additional file 2) or exam- 
ined age and BMI as continuous variables (Additional file 
3), did not effect the interpretation of study results for 
moderate to severe pain or moderate to severe activity 
limitation outcomes. 
Change outcome 

For unadjusted models, the lowest income category (< US 
$35, 000) was associated with higher odds of 1.5 for better 
index knee function at 2 years, but this did not reach sig- 
nificance {P = 0.13; Table 3). In multivariable-adjusted 
models, a lower income (< US$35, 000) was associated 
with higher odds of having more index knee function 
improvement ('better') relative to the preoperative func- 
tion, as compared to the higher income category (> US 
$45, 000) {P = 0.06; Table 5). Numerically higher but sta- 
tistically non-significant odds of 'much better' functional 
improvement were seen at 2 and 5 years in those with a 
lower income (< US$35, 000). Less impressive differences 
were seen in the > US$35, 000 to US$45, 000 income 
category. 

Discussion 

In this study, interestingly we found that lower income 
was associated with better pain outcome at 2 years after 
primary TKA. We also found that patients with lower 
income saw more improvement in overall knee function 
from pre-TKA to post-TKA evaluation, compared to 
higher income patients. Similar, but non-significant, asso- 
ciations were noted at 5 years. Several study findings 
merit further discussion, but need to be interpreted con- 
sidering study limitations. 

Our study has several limitations. A non-response bias 
may limit the generalizability of our findings. The response 
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Table 1 Clinical and demographic characteristics of patients 

Primary TKA, (%) unless specified otherwise 



2 years (n = 7, 1 39) 5 years, (n = 4, 234) 



Men/women 


3, 152 (44.3%)/3, 977 (55.7%) 


1fTl~lT 1 A A r\(\J \ 1^ TT1 /FFin/\ 

1903 (44.9%)/2, 331 (55.1%) 


Age, mean ± SD 


58.4 ± 1 0.0 


68.4 ± 9.5 


Age groups, n (%): 






< 50 years 


1, 313 (18.4%) 


/AS (1 7.5%) 


> 50 to 70 years 


"1 TTI I'} c c n/ \ 
I, D3\ pb.DTOj 


\,b/b (J/.2%) 


> 70 to 80 years 


2, 734 (38.3%)) 


1 ^1~7 /TOTn/\ 

1, 51 7 (38.2%)) 


> 80 years 


561 (7.9%) 


296 (7.0%) 


Body mass index, kg/m^: 






< 25 




DOO ( 1 3.4}70 


25 to 29.y 


4/9 [54./%) 


1, d2d (Jo.(J%J 


30 to 34.9 


2, 092 (29.3%) 


1, 250 (29.5%) 


35 to 39.9 


975 (13.7%) 


i — 7T /IT rn/\ 

573 (13.5%) 


> 40 


505 (8.5%) 


T/TT /~7 Tn/\ 

303 (7.2%) 


ASA score: 






Class 1 to II 


A iir ( r ~! r r\i \ 

4, 1 1 b (d/.d%) 


I, 46/ (bo. 3%) 


,^1^^^ III ]\ i 
Class III to Iv 


T r\r\c I A"^ 1 n/ \ 

J, UUd (4z.1%) 


1 "7/11 //I iny\ 

1, /41 (41 .1%) 


Deyo-Charlson Index, mean ± SD 


1.2 ± 1.9 


1.1 ± 1.9 


Key Deyo-Charlson comorbidities: 






Myocardial infarction 


T ^ 1 /A ac\/ \ 

341 (4.8%) 


T/^T / A on/ \ 

202 (4.8%) 


Peripheral vascular disease 


370 (5.2%) 


190 (4.5%) 


Renal disease 


d9/ p.oyo; 


\ /b (,4. 1 To) 


Chronic obstructive pulmonary disease 


ml (1 0./%} 


408 (y.6%) 


Diabetes 


559 (9.4%) 


T /I A /fT Tn/ ^ 

349 (8.2%)) 


Cnnnprti\/p tissiip Hisp^sp 


570 (7 3%) 


357 (8 3%) 


Anxiety 


455 (5.5%) 


220 (5.2%) 


Depression 


741 (10.4%) 


334 (7.9%) 


Distance from medical center: 






0 to 100 miles 


3, 669 (51.4%) 


2, 080 (49.1%) 


> 100 to 500 miles 


2, 731 (38.3%) 


1, 553 (39.0%) 


> 500 miles 


541 (7.5%) 


327 (7.7%) 


Diagnosis: 






Inflammatory arthritis 


256 (3.5%) 


1 89 (4.5%) 


Osteoarthritis 


5, 710 (94.0%) 


3, 922 (92.5%) 


Other 


1 72 (2.4%) 


123 (2.9%) 


^Missing values for 2-year cohort: 27 were missing body mass 


index (BMI), 18 were missing American Society of Anesthesiologists (ASA) class, 3 were missing 


Charlson Index scores, 198 were missing the distance variable, 1 was missing operative diagnosis. Missing values for 5-year cohort: 17 were missing BMI, 26 were 


missing ASA class, 174 were missing the distance variable, 23 


were missing operative diagnosis. 




Table 2 Prevalence of pain and function outcomes by income category 




Moderate to severe | 


pain IVIoderate to severe functional limitation Overall knee status 






Better Much better 


2 years: 






< US$35, 000 5.7% 


19.5% 


1 0.9% 85.7% 


> US$35, 000 to US$45, 000 5.7% 


22.9% 


8.8% 87.5% 


> US$45, 000 8.2% 


23.1% 


8.5% 87.5% 


5 years: 






< US$35, 000 7.2% 


28.0% 


9.4% 85.5% 


> US$35, 000 to US$45, 000 7.5% 


29.7% 


9.3% 85.4% 


> US$45, 000 8.2% 


29.5% 


9.7% 84.4% 
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Table 3 Unadjusted association of income with pain, activity limitation and improvement in knee function after 
primary total knee arthroplasty 





2 years 








5 years 










Odds ratio (95% 
CI) 


P 

value 


Odds ratio 
(95% CI) 


p 

value 


Odds ratio 
(95% CI) 


P 

value 


Odds ratio 
(95% CI) 


P 

value 


Pain/function: 


Moderate to severe 


pain 


Moderate to severe 
functional limitation 




Moderate to severe 


pain 


Moderate to severe 
functional limitation 




< US$35, 000 


0.68 (0.50 to 0.92) 


0.01 


0.82 (0.67 to 0.99) 


0.04 


0.86 (0.60 to 1.22) 


0.39 


0.92 (0.74 to 1.15) 


047 


> US$35, 000 to 
US$45, 000 


0.80 (0.64 to 1.01) 


0.06 


0.99 (0.85 to 1.15) 


0.90 


0.90 (0.65 to 1.25) 


0.55 


1 .00 (0.82 to 1 .23) 


0.99 


> US$45, 000 (ref) 


1.00 




1.00 




1.00 




1.00 




Improvement: 


Better 




Much better 




Better 




Much better 




< US$35, 000 


1 .5 (0.9 to 24) 


0.13 


1.1 (0.7, 1.7) 


0.61 


1 .2 (0.7 to 2.0) 


0.57 


1 .2 (0.8 to 1 .9) 


039 


> US$35, 000 to 
US$45, 000 


1.1 (0.7 to 1.6) 


0.72 


1.0 (0.7 to 1.5) 


0.83 


1.1 (0.7 to 1.7) 


0.78 


1.1 (0.8, 1.7) 


0.56 


> US$45, 000 (ref) 


1.00 




1.00 




1.00 




1.00 





rate of 65% and 57% for pain and function surveys at 2 
and 5 years is similar to the average survey response rate 
of 60% for large surveys such as ours [45] . However, the 
study cohort's clinical and demographic characteristics are 
similar to TKA cohorts reported previously. Income was 
based on zip code median income, and not actual personal 
income, which may have led to misclassification bias. 
Whether this biased our results towards or away from the 
null hypothesis is not entirely clear. People with the same 
income in different parts of the US (New York versus 
Midwest versus South) have slightly different purchasing 
power. Although this does not impact the observed asso- 
ciations, the variation in purchasing power by geography 
may impact access to health care even for those with simi- 
lar socioeconomic status. Even though we specified the 
three outcomes a priori, with the Bonferroni adjustment, 
our findings may be considered borderline significant for 
such a conservative approach (with a corrected P value of 
0.017 for three comparisons). Study strengths included 
adjustment for important covariates, robust results in 



multivariable-adjusted analyses and multiple sensitivity 
analyses, a large sample size with lower risk of a type II 
error, analyses of both pain and function outcomes and 
examination of both 'state' and 'change' variables for 
outcomes. 

A key interesting finding in our study was the lower 
risk of moderate or severe pain post TKA in patients 
with lower income. In a recent TKA study that included 
patients from four countries including the US, lower 
income was reported as not significantly associated with 
pain and function outcomes up to 2 years after TKA [P = 
0.07) [18]. On closer inspection, the Western Ontario 
and McMaster Universities Arthritis Index (WOMAC) 
pain scores (higher = worse) for income categories < US 
$15, 000, US$15, 000 to 30, 000, US$30, 000 to 45, 000, 
US$45, 000 to 60, 000 and > US$60, 000 were 78, 83, 80, 
82 and 87 respectively {P = 0.014); that is, significantly 
less pain in patients with lower income at 1 year [18]. In 
fact similar lower scores were also noted for lower 
income categories at 2 years, but the level of statistical 



Table 4 Multivariable-adjusted association of Income with pain and activity limitation after primary total knee 
arthroplasty 





2 years 






5 years 










Moderate to severe 


pain 


Moderate to severe 
functional limitation 


Moderate to 


severe pain 


Moderate to severe 
functional limitation 




Odds ratio 
(95% CI) 


P 

value 


Odds ratio P 
(95% CI) value 


Odds ratio 
(95% CI) 




P 

value 


Odds ratio P 
(95% CI) value 


< US$35, 000 


0.61 (0.40 to 0.94) 


0.02 


0.78 (0.60 to 1 .02) 0.07 


0.77 (0.50 to 1 


.19) 


0.24 


0.91 (0.68 to 1.25) 0.56 


> US$35, 000 to US$45, 
000 


0.68 (0.49 to 0.94) 


0.02 


0.96 (0.78 to 1 .20) 0.75 


0.90 (0.60 to 1 


.34) 


0.60 


1 .09 (0.83 to 1 .44) 0.52 


> US$45, 000 (ref) 


1.00 




1.00 


1.00 






1.00 



Data were additionally adjusted for the following variables at baseline: age category, gender, body mass index (BMI) category, Deyo-Charlson index, American Society 
of Anesthesiologists (ASA) class, distance, operative diagnosis, implant fixation, preoperative pain (for pain models) and preoperative functional limitation (for functional 
limitation models). Significant variables in each model included the following: (1) 2-year pain model: age (P = 0.03) and preoperative pain (P = 0.003); (2) 2-year activity 
limitation model: age (P < 0.001), gender (P < 0.001), body mass index (P < 0.001), ASA class (P < 0.001) and preoperative activity limitation (P < 0.001); (3) 5-year pain 
model: ASA class (P < 0.001 ), distance from medical center (P = 0.02) and implant fixation (P = 0.01 ); (4) 5-year activity limitation model: age (P < 0.001 ), gender 
(P < 0.001 ), body mass index (P < 0.001 ), ASA class (P < 0.001 ), Deyo-Charlson index (P = 0.02) and preoperative activity limitation (P < 0.001 ). 
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Table 5 Multivariable-adjusted association of income with improvement in knee function after primary TKA 

2 years 5 years 

Better Much better Better Much better 

Odds ratio P Odds ratio P Odds ratio P Odds ratio P 

(95% CI) value (95% CI) value (95% CI) value (95% CI) value 

< US$35, 000 1.9 (1.0 to 3.6) 0.06 1 .4 (0.8 to 2.5) 0.26 1 .7 (0.8 to 3.4) 016 1 .5 (0.9 to 2.8) 0.15 

> US$35, 000 to US$45, 14 (0.8 to 2.4) 0.25 14 (0.9 to 2.3) 014 1 .2 (0.6 to 2.2) 0.64 1 .0 (0.6 to 1 .7) 0.93 
000 

> US$45, 000 (ref) 1 .00 1 .00 1 .00 1 .00 

Data additionally adjusted for the following variables at baseline: age category, gender, body mas index (BMI) category, Deyo-Charlson index, American Society of 
Anesthesiologists (ASA) class, distance, operative diagnosis, implant fixation, preoperative pain (for pain models) and preoperative functional limitation (for 
functional limitation models). Significant variables in each model included the follov\/ing: (1) 2-year model: ASA class lll/IV {P < 0.01) with lower odds for much 
better status and distance > 100 to 500 miles with lower odds for much better status (P = 0.03); and preoperative activity limitation (P < 0.001); (2) 5-year model: 
ASA class lll/IV (P < 0.01) with lower odds for much better status. 



significance was not met {P = 0.07), likely due to a small 
sample size. Thus, this earlier study did provide hypoth- 
esis generation for better pain outcomes in lower income 
groups, now confirmed in our study with ten times the 
sample size. Most literature regarding poorer health out- 
comes in those with lower income comes from pregnancy 
and other conditions. However, several important consid- 
erations make the findings from our study and the earlier 
international randomized study compatible, rather than 
contradictory, with the existing literature on income and 
outcomes. 

First, the outcome described here is a patient-reported 
outcome (pain), which is likely influenced as much or 
more by social contextual factors as it is impacted by 
comorbidity load (presumed higher in lower income indi- 
viduals). This is in contrast to mortality and other end- 
organ damage outcomes (the so called 'hard outcomes'), 
which may be influenced far more by comorbidity. Second, 
lower income [46] and poorer preoperative functional sta- 
tus [47] have both been shown to be associated with 
higher expectations of joint replacement. Higher expecta- 
tions are associated with better outcomes [48,49]. Thus, 
lower income individuals would be expected to report bet- 
ter patient-reported outcomes after TKA than those with 
higher incomes. Third, studies in other diseases indicated 
that several social contextual factors including social sup- 
port impact health outcomes, perhaps more than income 
[50-52]. More studies are needed to understand the asso- 
ciation of income and other contextual factors with pain 
and function outcomes after TKA. 

Another interesting finding from our study was that 
patients in the lowest income category were twice as 
likely than those in the highest income category to report 
a 'better' improvement in the index knee function 2 years 
after primary TKA. This finding should not be surprising 
at all considering that those in the lower income cate- 
gories have worse preoperative functional status 
[18,20,53], but similar postoperative function after TKA 
[18,53], than those in the higher categories. Since those 
with a lower income have worse scores preoperatively. 



they have a much greater chance to improve their knee 
function, compared to those on a higher income. Our 
study corroborates and extends these earlier findings. The 
simple knee function improvement question used in this 
study has been used previously [32], and may be easily 
implemented in clinical practice in addition to longer 
composite pain and function instruments used in clinical 
research. The knee function improvement used in this 
study is clinically meaningful at patient level, and much 
easier to interpret as compared to a change in mean func- 
tion score, usually presented for an entire cohort (some 
patients improving dramatically, others not at all). In addi- 
tion, activity limitations were lesser in lower income cate- 
gories compared to the highest income category, although 
they did not reach statistical significance. 

Conclusions 

In summary, patients in lower income groups had better 
pain outcomes and more improvement in index knee 
function at 2 years after primary TKA. Similar differences 
by income were noted at 5 years, although they were not 
significant. These data are reassuring in that, at least for 
primary TKA, lower income is not a risk factor for poor 
outcomes; on the contrary it may be associated with better 
outcomes. Future studies should investigate the reasons 
for better outcomes after TKA in patients with lower 
incomes. 

Additional material 

r ^ 

Additional file 1: Sensitivity analyses additionally adjusting 
multivariable analyses for preoperative activity limitation in pain 
outcome models and preoperative pain in activity limitation 
models. This table shows the sensitivity analyses that adjusted the main 
models for pain and activity limitation additionally for preoperative pain 
and activity limitation, respectively. 

Additional file 2: Sensitivity analyses using a different income 
category cut-off of US$39, 000 for the lowest category in 
multivariable-adjusted analyses. This table shows the sensitivity 
analyses that used a different cut-off for income for the lowest income 
category of US$39, 000 instead of US$35, 000 (as in the main model). 
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Additional file 3: Sensitivity analyses using body mass index (BMI) 
and age as continuous variables in multivariable-adjusted analyses 

this table shows the sensitivity analyses that adjusted the main model for 
a continuous age and BMI variable instead of the categorical variable for 
both. 
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